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Introduction
are still relatively unknown biotic frontiers. These crown ecosystems harbor poorly understood, 83 rarely described (both in terms of composition and abundance) insect communities (Bouget et al. and may create novel colonization opportunities, thus modulating in different ways the 89 community dynamics of canopy-dwelling insects, depending on their functional guilds. Changes 90 in foliage quality during plant stress may influence the performance of leaf feeders, but the 91 magnitude and orientation of the herbivore response likely depends on both stress intensity and 92 the feeding strategy of the herbivore (Larsson 1989; Herms and Mattson 1992) . In addition, the 93 decrease in the number of living branches in the canopy of declining trees may also negatively 94 affect leaf-, seed-, and flower-feeding species (Martel and Mauffette 1997) . A survey of 95
Lepidopteran communities in declining maple stands indicated that exposed caterpillars became 96 more abundant while the density of semi-concealed or endophagous species decreased (Martel 97 and Mauffette 1997). This suggests that phyllophagous or seminiphagous insects with an 98 intimate relationship with their host-tree, like specialist species with an endophytic larval 99 development, may be negatively affected by the decrease in foliage quantity or quality and/or the 100 change in microclimate, while these modifications might promote generalist species (Martel and 101 Mauffette, 1997). Conversely, saproxylic beetles are likely to show a marked positive response 102 to forest decline, both in terms of abundance and species richness. Saproxylic beetles form a 103 functional guild associated with dead and decaying wood, related microhabitats, and other 104 saproxylic taxa (Stokland et al. 2012 ). This guild also includes xylophagous species developing 105 on weakened trees and acting as secondary pests, like the buprestids (Coleoptera: 
Site selection and characterization 151
In 2016, experts from the French Forest Health Service (Département de la Santé des Forêts 152 (DSF)) evaluated the initial state of decline in 11 mature oak-dominated stands in the two forests 153 (table 1). In the same year, 13 plots were set up: four healthy plots, five plots in a medium state 154 of decline and four plots in a severe state of decline. In 2017 and 2018, 12 plots located in 11 155 stands were selected in the two forests (table 1). Some of the original plots were changed in 156 2018 because the stands had been either cleared or harvested selectively (table 1) . 157
The level of decline was then evaluated yearly at two embedded spatial scales: (i) the individual 158 tree bearing the sampling traps, hereafter referred as the tree scale, and (ii) the five closest oaks 159 (in 2016 and 2017), or all the oaks located within a radius of 50 m around the trap trees (in 160 2018), hereafter referred as the tree-group scale. In the winter of each year, the degree of 161 decline of the trap tree and of the five closest oaks was evaluated in each plot following the 162 protocol developed by the DSF (Nageleisen 2005) . In brief, crown transparency, the proportion 163 of branches without leaves, the proportion of dead branches and leaf distribution in the canopy 164 were evaluated. Based on these criteria, each tree was given a decline index ranging from 0 (no 165 decline) to 5 (dead tree). Trees with an index value equal to or below two were considered 166 healthy. Trees with an index value equal to or above three were considered in decline. For the 167 tree-group scale, the proportion of declining trees (with a decline index equal to or above three) 168 was calculated, following a routine DSF procedure. were emptied every month and the captured species were recorded. In 2016, the traps were 177 installed in June and collection continued until September. In 2017, the traps were installed in 178
April and collection continued until October. In 2018, the traps were installed in April and 179 collection continued until September. 180
In 2016, we assessed whether trap height significantly affected the composition or relative 181 abundance of the captured species. To do so, we suspended two green traps at different heights 182 in the same tree, one approximately 15 m from the ground (i.e. among the lower branches of the 183 were considered. Since for all guilds the number of individuals was higher in the upper traps 185 ( Fig. S1 ), the following years we only placed traps 15 m above the ground and, for the sake of 186 consistency, only the upper traps were considered in the analyses for 2016. 187
In 2017 and 2018, we compared the trapping efficiency of green and purple multi-funnel traps 188 (Chemtica Internacional, San Jose, Costa Rica), since Brown et al. (2017) showed that some 189
European Agrilus species might be more attracted to purple than to green. For ten trees, one 190 green and one purple trap were both suspended roughly 15 m above the ground, either in the 191 same tree or, if necessary, in adjacent trees. For the two guilds of leaf-dwelling species (i.e. 192
Agrilinae which perform maturation feeding and copulate on foliage and phytophagous weevils 193 whose larvae and/or adults feed on foliage, flowers or acorns), green traps were markedly more 194 attractive than purple ones, while no difference between traps was detected for the other 195 saproxylic species (Fig. S2 ). Therefore, for the sake of consistency, only green traps were 196 considered in the analyses. 197
198

Beetle identification and ecological trait assignment 199
Three beetle groups were considered for analysis: (i) oak-associated buprestid beetles, i.e. 200 xylophagous species specifically attracted by green Lindgren traps; (ii) other saproxylic beetles, 201 excluding "tourist" species associated to conifer tree species, split into two feeding guilds, i.e. the 202 xylophagous species guild (incl. xylophagous sensu stricto and saproxylophagous species) and 203 the non-xylophagous species guild (incl. saprophagous, zoophagous, mycetophagous species); 204 and (iii) oak-associated phytophagous weevils, which were split into two feeding guilds, i.e. the 205 leaf-eating (phyllophagous, i.e. folivore) species guild and the seed-and fruit-eating 206 (seminiphagous, i.e. acorn borers) species guild. In the phyllophagous guild, we considered 207 species whose adults feed on oak leaves (mainly leaf chewers) as generalist species, and 208 species whose both larvae and adults feed on oak leaves (larvae dwelling in foliar tissues) as 209 specialist species. 210
Certain saproxylic families were removed from the data set (Latridiidae, Leiodidae, Malachiidae, 211
Cantharidae, Corylophidae, Cryptophagidae, Ptiliidae, Staphylinidae), because they are often 212 difficult to identify at the species level and due to the lack of specialists able to check species 213 identifications. The French Frisbee database was used as the reference list of feeding guilds for Biomass, actually dry weight (in mg), was assessed through the following formula: Biomass = 220 3.269+L 2.463 , where "L" is the body length in millimeters (Ganihar 1997 in Seibold et al. 2019 . 221
The abundance of several dominant species of oak-associated buprestids and phytophagous 222 weevils was also analyzed. 223 224
Data analysis 225
All analyses were performed in R, version 3.5.1 (R Core Team 2018). To analyze the effect of 226 the decline level at tree scale on cumulative number of detected species, we rarefied species 227 richness to the same sample size (interpolated rarefaction sampling without replacement; 228 specaccum function, vegan R-package). To rank the effect of decline level at tree or tree-group 229 scale on variations in average univariate metrics (mean values per trap of guild richness, 230 species abundance, guild abundance, guild biomass), we used the differences in the Akaike 231 information criterion (AICc) scores to compare the fit between the generalized linear mixed 232 models including separately each of the two explanatory variables and their fit with the null 233 model. To assess the significance of the estimates of the best decline features for each 234 response variable, the error structure of the generalized linear mixed-effects models was 235 adjusted to better fit the data. To do so, glmm were fitted for the negative binomial family, the 236 Gaussian family, the log-normal family (i.e. log-transformed response), and the Poisson family 237 (functions glmer.nb, glmer, lmer, lme4 R-package). To account for repeated measurements, 238
year was added as a random effect on the intercept in mixed models. 239
To rank the effect of decline level at tree or tree-group scale on variations in species composition 240 (including singletons), we performed a Canonical Analysis of Principal coordinates (function 241 capscale, vegan R-package, CAP, Anderson and Willis 2003). Based on Bray-Curtis distance 242 matrices, we carried out inertia partitioning on all the explanatory environmental variables, as 243 colinearity among predictor variables is not a problem in CAP. We calculated total constrained 244 inertia, the total inertia explained by each variable, the latter's statistical significance 245 (permutation tests -100 runs) and the relative individual contribution of each variable to 246 constrained inertia. 247
We used the IndVal method to identify beetle species indicating tree decline level (healthy vs. 248 declining) (Dufrêne and Legendre 1997, indicspecies R-package). This method calculates the 249 association value (IndVal index) between the species and a group of sites, based on between-250 group variations in occurrence (fidelity) and abundance (specificity), and then tests the statistical 251 significance of this relationship with a permutation test. P-values were corrected for multiple 252 testing. Only species shown to be significant in the permutation test with an indicator value 253 above 25%, occurring in more than 10% of the samples and with more than 10 individuals 254 sampled were considered here. (table S1) . This corresponds to 14,490 264 individuals and 223 beetle species found in the 23 traps hanging from non-or slightly-declining 265 trees, and 13,137 individuals and 194 species found in the 14 traps hanging from declining 266 trees. On the whole, cumulative species-richness estimates at a standardized sample size did 267 not display any significant contrast between decline levels at the tree scale, either for the whole 268 beetle community, or for individual guilds (Fig. S3 ). 269
270
We detected many significant effects of decline level on guild metrics (mean abundance, 271 biomass and richness per trap) and on species mean abundances (table 3) . Most of these 272 effects were positive, except, at the tree-group scale, for (i) a negative effect of decline level on 273 the mean abundance of xylophagous beetles (table 1 and (table 3) . Seminiphagous species were not significantly affected by decline 285 level at any scale, either at species or guild level (table 3, Fig. 3 ). Specialist phyllophagous 286 weevils responded to decline intensity at the species level but not at the guild level (table 3, Fig.  287 3). When all the sampled species were pooled, we also observed significant positive effects of 288 decline at the tree scale on the biomass and abundance of all beetles (table 3, Fig. 4 ). 289
From CAP analyses, we estimated low but significant contributions of decline level to variations 290 in the community composition of most of the beetle groups, i.e. phytophagous weevils, 291 buprestids and xylophagous saproxylic, though not for the non-xylophagous saproxylic guild 292 ( Oak decline affected the communities of the canopy-dwelling beetles considered in our study 303 differently depending on their feeding guild and/or host specialization. As predicted, the 304 abundance, biomass, and species richness of oak-associated buprestids increased with the 305 decline severity. The abundance of most major Agrilinae species followed a similar pattern. 306
Consequently, most species contributed to this overall increase. Agrilinae preferentially colonize 307 effect of decline was detected, suggesting either that acorn quantity or quality was not markedly 358 affected by oak decline or that the modifications were not significant enough to impact the 359 species considered. 360
We considered decline level at two spatial scales: the tree and the tree-group. Overall, we 361 observed significant responses mainly at the tree scale for xylophagous beetles, including oak-362 associated buprestids, and mainly at the tree-group scale for phytophagous and non- the Agrilinae species associated with oaks in France (i.e. Agrilus sp., Coraebus sp. and 410 Meliboeus sp.) were captured, except for Agrilus grandiceps hemiphanes Marseul, a rare 411
Mediterranean species, and Coraebus florentinus Herbst. The latter species had previously been 412 collected in the Vierzon forest, and typical shoot browning resulting from its larval activity has 413 already been reported there. The species might have been present but at too low population 414 density for detection, or it might not have been attracted by our traps. We also collected quite 415 diverse communities of phyllophagous and seminiphagous weevil species in our green Lindgren 416 traps, in large amounts for some species. These species were significantly more attracted to 417 green traps than to purple ones, which is congruent with the attraction to green substrates 418 reported for other phytophagous weevils (e.g. Cross et al. 1976; Gadi and Reddy 2014). Overall, 419 this suggests that green Lindgren traps are attractive to phyllobiont species in general, and 420 confirms the tool's utility when investigating canopy-dwelling beetles associated with foliage. 421
Conclusion 423
Our three-year survey in a declining forest allowed us to detect significant effects of decline on 425 different canopy-dwelling species and guilds, in spite of strong inter-annual variations and a 426 limited spatial extent, the survey being performed in two adjacent forests. Overall, decline had a 427 positive effect on the abundance and biomass of beetles, but contrasted variations were 428 observed at the species or guild levels, with positive effects for saproxylic and generalist 429 phyllophagous species, null effects for seminiphagous species and negative effects for specialist 430 phyllophagous species. These results call for studies conducted at larger spatial and temporal 431 scales to assess the functional outcomes of the unprecedented level of forest decline expected 432 to affect Europe, and to propose management strategies for conservation biologists. Generalized linear mixed-effects models fitted for the negative binomial family (1) , the Gaussian family (2) , the log- 
